In lichens, the best-known polysaccharides are the linear isolichenans antibodies, which could be isolated using columnsof immobilized galactomannan. Such specific antibodies could be utilized in the identification of similar structures in glycocomplexes or in polysaccharides that are availabe in only minute quantities, as is the case with certain protozoa.
3) The correlation of 1751 proton NMRsignals with those of galactomannanor derived disaccharides could also be used in structural identification. It has also been found, in the case of yeasts, that the structure of NMR spectra of mannose-containing polysaccharides could be used in chemotaxonomy,2) an approach that might be similarly applied to lichens. Stereocaulon ramulosumhas been found to contain the carbohydrates umbilicin, a-a-Dtrehalose, an a-D-glucan resembling isolichenan and a linear (l ->3)-linked /?-D-glucopyranan, which had a structure not previously found in lichens.4) In this investigation, the a-D-glucan was isolated via hot aqueous extraction followed by Fehling precipitation and recovery from the supernatant. The insoluble copper complex which formed was mainly derived from a galactomannan, which was not further investigated, but is now the subject ofa continuation of our studies on lichen galactomannans.
Materials and Methods
General analytical methods. Specific rotations were obtained using a Perkin Elmer model 141 automatic polar-imeter on solutions of about 0.5% concentration. Total carbohydrate was determined using the phenol-sulfuric acid method,5} and protein with the Folin-Ciocalteau reagent.6) The periodate consumed and formic acid produced, using galactomannanas the substrate, wereestimated using 0.05m NaIO4 in the dark at 0~2°C, the values leveling off after 72hr.
Isolation of galactomannan A following hot aqueous extraction. St. ramulosum (50 g) was successively extracted with 9 : 1 benzene-ethanol (v/v) and 80% aqueous methanol,4) and the residue divided into two equal portions. One of them (20. 1 g) was extracted with water (500ml) at 100°C for 8hr. The combined filtrates were concentrated to 75ml, added to excess ethanol, and the resulting precipitate (5.2g) isolated after centrifugation. This precipitate was solubilized in hot water (100ml), the solution frozen, and then thawed at 4°C. The precipitate which formed was centrifuged off, and the freezing and thawing process repeated on the supernatant until no more precipitate appeared. The supernatant was then treated with Fehling solution (50ml), and the precipitated copper complex isolated and converted to a polysaccharide. This was dissolved in water (1 5 ml) and fractionally precipitated in the presence of 5% Cetavlon in water (15ml).7) The precipitate, which formed at pH 7.0, was dissociated with 4m NaCl, and upon its addition to excess ethanol, a polysaccharide was precipitated and isolated in a 13mg yield. The supernatant of the Cetavlon precipitate was treated with 3% aqueous sodium tetraborate (30ml), which resulted in a solution of pH 8.5, giving a precipitate which was isolated, the borate complex being decomposed with acetic acid and added to excess ethanol, which precipitated galactomannan A (0. 12 g). The supernatant was adjusted to pH 12.0 with aqueous sodium hydroxide and, in the presence of 3 volumes ofethanol, a precipitated complex appeared and was converted to a glucan (4mg). Carbon-13and proton nuclear magnetic resonance spectroscopy. NMR spectra were obtained using a Bruker AM-360 WBspectrometer incorporating a Fourier transform.
Samples were dissolved in D2O and run at 33°C (\H-NMR) and 70°C (13C-NMR).
Chemical shifts are expressed as 3 in ppmrelative to the resonance of Me4Si
(TMS, <5=0), which was determined in separate experiments.
Paper chromatography. This was carried out on Whatman no. 1 filter paper, using benzene-1-butanol-pyridine-H2O ( Characterization of oc-D-glucan. The glucan was identified by using the techniques outlined in a previous publication. 40 Smith degradations of a-D-glucan and galactomannan B.
Each polysaccharide was submitted to Smith degradations, one series incorporating mild and the other strong acid hydrolysis conditions.4) The following fragments were identified.
Under mild hydrolytic conditions, the a-D-glucan gave spots, corresponding on a paper chromatogram to eryth- The high proportion of xylose was unexpected.
Since the specific rotation was low at -76°, negative contributions could have been made by a-L-fucopyranosyl, a-L-rhamnopyranosyl and /?-D-xylopyranosyl units. Levorotatory /?-å D-galactofuranosyl residues were not present, since typical C-l signals at S^106.6 in the 13C-NMR spectrum19) were not observed. After adjusting the Cetavlon system to pH 8.5 with aqueous sodium tetraborate, the major component galactomannan A (0.49% yield; 5.9% protein) was precipitated and found to contain only galactose and mannose in a 3:2 molar ratio with a specific rotation of +52°. The supernatant was then treated with aqueous sodium hydroxide, giving a pH of 12.0, and its addition to ethanol resulted in the precipitation of a complex of glucan, which was isolated in only a 0.02% yield.
As the yield of galactomannan was low, the ramulosum, galactomannan was isolated as linked to protein, but since glucosamine was not detected by paper chromatography following strong acid hydrolysis, the linkage of galactomannan to the cell wall did not involve a glucosamine-asparagine bridge, as in the case of certain ascomycetes such as baker's yeast.21)
As galactomannan B was isolated in a higher yield than galactomannan A, it is more representative of the overall galactomannan composition of the lichen and was preferred as the subject of a detailed chemical analysis. It contained galactose and mannose in a molar ratio of 46:54, had a specific rotation of +49°, and a methylation analysis gave rise to a number of partly O-methylated alditol acetates, whose structures (Table I) Partial acid hydrolysis of galactomannan B removed some of the side chains, furnishing the core in a 16% yield. This contained mannose and galactose in a molar ratio of 84: 16, and a methylation analysis (Table I) showed end groups of mannopyranose (15%) and galactopyranose (12%), with 4,6-di-O (6%) and 2,6-di-O-substituted mannopyranosyl units (11%). The main structure was 6-0-substituted mannopyranosyl residues (54%), which are likely components of a main chain having this structure entirely. The specific rotation of the polysaccharide was +60°, consistent with that of a-D-mannopyranosyl (Table I) , showed non-reducing end-groups of mannopyranose (21 %) and galactopyranose (23%), with 2-0 (22%), 4-0 (20%) and 6-0-substituted (14%) reducing end-groups of mannose. These data can be rationalized in the light of the 13C-NMR spectrum of fraction A (Fig. 1A) , which is consistent with a mixture of 2-0-oe-D-mannopyranosyl-D-mannose, with signals at S 103.8 (C-T), 94.2 (C-l) and 80.7 (C-2), 22) and Although the methylation data is inaccurate, due to concomitant oxidation with silver oxide at the reducing ends of the disaccharides, that resulted in lower than expected amounts of tri-O-methylmannitol acetates, it is still possible to identify the fragments qualitatively. These results combined with the quantitative data (Table I) Both the 13C-NMRspectra of galactomannan A (Fig. IB) and B contained a large C-l signal at (5104.7, arising from /?-D-Gal/> units. 19) The only difference in the spectra is that the former contained small signals of /?-Gal/ units, including that of C-l at 5 109.4. This is consistent with the methylation data (Table I) , which indicates 2% of non-reducing end-units of Gal/ As this structure is not found in galactomannan B (according to methylation data too), it appears to have been present in a glycocomplex, which was decomposed by the action of alkali, and the carbohydrate component did not appear in the ethanol precipitate. The glucan obtained via alkaline extraction was less pure that that obtained following aqueous extraction, as it contained 9% each of galactose and mannose. However, its structure was suggested to be the same, as its 13C-NMR spectrumwasalso similar to that of isolichenan.16) Controlled Smith degradation also which were detected on paper chromatograms.
The specific rotation of the glucan was + 151°, the presence of impurities decreasing that of +171°, which was found for pure a-Dglucan.4) A negative iodine test showed that amylose was absent, although such an impurity was present in related glucans prepared from Cetraria islandica28) and Ramalina usnea. 16) where acetates of glycerol, erythritol and mannitol were examined by GLC, the erythritol proportion shows that 1 1% of the main-chain 
